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Abstract: Salmonella and Shigella isolated in Korea from 1973 to 1977 were tested for the resis- 
tance to drugs and for R plasmids. Only one (1.0%) strain of Salmonella paratybhi A was 
resistant to the four drugs, tetracycline (Tc), streptomycin (Sm), sulfisomidine (Sa) and 
kanamycin (Km). The resistance was not conjugative. Strains resistant to one or more drugs 
tested were 5.3% in S. typhi and 79.8% in Shigella. Among 50 drug-resistant S. typhi, 15 
strains were multiply resistant to four or more of the drugs, chloramphenicol (Cm), Tc, Sm, 
Sa, ampicillin (Ap) and Km, and all fifteen of them transferred at least some of their resistances 
to E. coli ML 1410. Demonstrated R plasmids were R (Cm Tc Sm Sa), RCAp Km) and R(Cm). 
Strains resistant to three or fewer drugs did not transfer the resistances. A majority of drug- 
resistant Shigella strains were resistant to three or more drugs. R plasmids were demonstrated 
in 74.7% of drug-resistant Shigella; these strains transferred their complete resistance patterns 
to E. coli. The R plasmids were more frequently observed among strains resistant to four or 
more drugs than those resistant to three or fewer drugs. Ap resistance was transferred independently 
of resistance to Cm, Tc, Sm and Sa in S. typhi, but was always transferred together with the 


other resistances in Shigella. 


The resistance of enteric microorganisms to antimicrobial drugs has became an increa- 
singly important problem in the past decades. Many reports have appeared on the resistance 
to drugs of Salmonella typhi and nontyphoid Salmonella (Olarte and Galindo, 1973; Bissett 
et al., 1974; Tanaka et al., 1976; Chun et al., 1977), but studies on S. paratyphi A are 
rarely found (Chun and Suh, 1971; Tanaka et al., 1976). Drug resistance and R plasmids 
of Shigella have been extensively studied in Japan and other parts of the world (Mitsuhashi, 
1969; Farrar and Eidson, 1971; Neu ez al., 1975; Tanaka, 1977), and geographic differences 
were noted in the resistance to drugs, particularly ampicillin. However, no detailed study 
has as yet been made concerning drug resistance and R plasmids of Shigella in Korea. This 
paper describes the resistance to antimicrobial drugs and R plasmids of Salmonella and Shigella 


isolated during recent years in Korea. 
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MATERIALS AND METHODS 


Test strains. The organisms were isolated in our laboratory in Kyungpook Province, 
southeastern area of the Republic of Korea, from local patients suspected of having enteric 
infections, and confirmed biochemically and immunologically by the method of Edwards and 
Ewing (1972). One strain represents one sporadic incidence or one epidemic. Strains were 
maintained in rubber-stoppered soft nutrient agar stabs, and typical colonies were selected on 
MacConkey agar plates before use. 

Drugs. Freshly prepared solutions of chloramphenicol (Cm), tetracycline (Tc), strep- 
tomycin (Sm), sulfisomidine (Sa), ampicillin (Ap), kanamycin (Km), nalidixic acid (Na), 
and 1 :20 mixture of trimethoprim and sulfamethoxazole (Tmp-Smz) were used as described 
in a previous study (Chun et al., 1977). 

Test for drug resistance. A plate dilution method was used throughout the study. 
Overnight cultures of test strains in brain heart infusion (BHI) broth were diluted 100 fold 
with buffered saline and inoculated with a Steers inoculator on BHI agar plates containing 
serial two-fold concentrations of each drug. For the test of Sa and Tmp-Smz resistance, 
Mueller-Hinton agar plates were used. Minimum inhibitory concentration (MIC) was difined 
as the lowest concentration of drug that exhibited no growth after 24 hrs of incubation at 37°C, 
except Sa and Tmp-Smz, for which the MIC was difined as the lowest concentration of drugs 
inhibiting confluent growth of large colonies (Marks et al., 1973). Strains that grew in media 
containing 12.5 ug of Cm, Tc and Na per ml, 6.3 ug of Ap, Km and Tmp-Smz per ml, 
and 25 wg of Sm and Sa per ml were considered resistant. 

Transfer of drug resistance. Single colonies of donor strains and recipient, Escherichia 
coli ML 1410, were cultured overnight in BHI broth. One drop of each culture was inoculated 
in 5 ml of BHI broth and incubated for 3.5 hrs with gentle shaking. One milliliter of donor 
and 4 ml of recipient cultures were mixed and co-cultivated for 18 hrs at 37°C, and then were 
spread on BHI or Mueller-Hinton agar plates that contained 254g of Na per ml and one of 
the selecting drugs (12.5 ug of Cm, Tc and Sm per ml, 6.3 ug of Ap and Km per ml, 
and 25 ug of Sa per ml). After incubation for 24 hrs at 37°C, plates were inspected for 
colonies of resistant E. coli. Five to ten colonies were picked, purified on MacConkey agar 
plates, confirmed to be E. coli, and tested for the patterns and levels of drug resistance by 
the plate dilution method. Neither donor nor recipient strains, in pure culture, would grow 


on selecting media. 


RESULTS 


The yearly isolation of Salmonella and Shigella and the distribution of strains resistant 
to one or more drugs tested are shown in Table 1. All S. paratyphi A except one strain 
were highly susceptible to Ap, Tc, Km and Tmp-Smz and, to a lesser degree to Cm, 


Na, Sm and Sa in the decreasing order. Only one strain isolated in 1976 was resistant to 
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Table 1. Frequency of drug-resistant strains of Salmonella and Shigella 
isolated from 1973 to 1977 
No. of strains isolated % of 
Organism Total resistant 
1973 1974 1975 1976 1977 strains 

S. paratyphi A 0 4 36 40 20 100 1.0 
(0)* ©) a) (0) (1) 

S. typhi 113 292 246 232 56 939 5.3 
(11) (24) (13) (1) a) (50) 

Sh. flexneri 2 10 17 11 7 47 87.2 
(1) 8) (6) ao (6) (41) 

Sh. sonnei 5 8 10 5 14 42 85.7 
(3) (6) (9) 4) ap (36) 

Other Shigella** 1 3 2 4 0 10 20.0 
(0) G) (0) a) (0) (②) 

Shigella total 8 21 29 20 21 99 79.8 
4)  Q①5 @5) a5 @0) (79) 


Strains which grew on media containing the following concentrations (micrograms 
per ml) of drugs were considered resistant: Cm, Tc and Na, 12.5; Ap, Km 
and Tmp-Smz, 6.3; Sm and Sa, 25. 

* No. of strains resistant to one or more drugs in parentheses. 

** Includes Sh. dysenteriae and Sh. boydii. 


the four drugs, Tc, Sm, Sa and Km, and the MICs were 200 pg of Tc and Km per ml, 
400 ug of Sm per ml and more than 1,600 ug of Sa per ml. Repeated experiments resulted 
in the failure to transfer conjugally the resistances from the resistant S. paratyphi A strain to 
E. coli. 


to a lesser degree to Tc, Cm, Km, Na, Sm and Sa in the decreasing order. 


Nearly 95% of S. typhi strains were highly susceptible to Ap and Tmp-Smz and, 
Fifty (5.3 
め ) strains of S. typhi were resistant to one or more drugs tested, and they were more 
frequently found among strains of 1973 to 1975 than those of 1976 and 1977. The prevalent 
groups of Shigella in Korea were Shigella flexneri and Sh. sonnei, and strains belonging to 
the other groups were rarely isolated. Eighty-five or more of Sh. flexneri and Sh. sonnei 
were resistant to one or more of the drugs tested, and resistant strains among other groups 
of Shigella were 20% or less. 

Resistance patterns and the conjugal transfer of resistance of S. typhi are shown in 


Table 2. The most frequently observed pattern was resistance to Sm and Sa, and followed 


Table 2. Resistance patterns and R plasmids of S. typhi 


No. of 


Resistant to 0 ts with SB d 
plasmids 

Cm, Tc, Sm, Sa, Ap, Km 3 2 Cm Tc Sm Sa; Ap Km 
Cm; Ap Km 

Cm, Tc, Sa, Ap, Km 1 1 Ap Km 

Cm, Tc, Sm, Sa 11 11 Cm Tc Sm Sa 

Cm, Sm, Sa 0 

Tc, Sm 2 0 

Sm, Sa 32 0 


Total 50 15 
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by that to Cm, Tc, Sm and Sa. Other patterns were rarely found. Only four strains were 
resistant to Ap, and no strain was found resistant to Na and Tmp-Smz. All strains resistant 
to four or more drugs transferred their resistances to E. coli. Two strains resistant to six 
drugs each carried two plasmids; R (Cm Tc Sm Sa) and R(Ap Km), and one strain carried 
R(Cm) and R(Ap Km). One strain resistant to five drugs carried R (Ap Km) only, “R” 
defined as transmissible resistance. Strains resistant to Cm, Tc, Sm and Sa carried R (Cm 
Tc Sm Sa) exclusively. Strains resistant to three or fewer drugs were weakly resistant with 
the level of resistance barely exceeding the MIC, and none of them transferred their resistances. 

Approximately 80% of Shigella were resistant to one or more drugs, Cm, Tc, Sm, Sa 
and Ap, and a majority of resistant strains were resistant to three or more drugs (Table 3). 
Eight strains, all of which belonged to B and D groups, were resistant to Ap in combination 
with other drugs, but no strain was found resistant to Km, Na and Tmp-Smz. Resistance 
transfer experiment by conjugation showed that 59 (74.7%) strains transferred their complete 
resistance patterns to E. coli, and strains resistant to four or more drugs transferred the 
resistance more frequently than the strains resistant to three or fewer. The patterns and levels of 
drug resistance of five to ten randomly selected transconjugants from each donor were almost 
the same as those of the donors. All of the transconjugants of Ap-resistant strains selected with 
Ap were resistant to Ap and the other drugs to which donor was resistant, and those selected 
with any one of Cm, Tc, Sm and Sa were resistant to Ap and the other drugs, indicating that 


the resistances to Ap and the other drugs were not spearated by conjugation. 


Table 3. Resistance patterns and R plasmids of Shigella 


No. of . 

Resistant to NR strains with Ae 
Cm, Tc, Sm, Sa, Ap 5 5 Cm Tc Sm Sa Ap 
Cm, Te, Sm, Sa 46 44 Cm Tc Sm Sa 
Cm, Sm, Sa, Ap 3 3 Cm Sm Sa Ap 
Cm, Sm, Sa 8 3 Cm Sm Sa 
Tc, Sm, Sa 5 2 Te Sm Sa 
Sm, Sa 6 1 Sm Sa 
Tc 2 0 
Sa 4 1 Sa 

Total 79 59(74.7%) 
DISCUSSION 


In contrast to the high incidence during the period from 1952 to 1954, paratyphoid 
patients were rarely encountered during the 1960’s in Korea (Chun, 1964; Chun and Suh, 
1971). Recently we noted the gradual increase of paratyphoid patients infected with S. paratyphi 
A. Only one (1.0%) strain of S. paratyphi A was resistant. This strain was resistant to 


four drugs, Tc, Sm, Sa and Km. The failure of this strain to transfer conjugally the resistances 


127 


suggests that the resistances were not R plasmid-mediated. Tanaka et al. (1976) reported 
one (8.3%) R plasmid-carrying strain among 12 isolates of group A Salmonella. This finding 
and our result suggest the rare incidence of drug-resistant and R plasmid-carrying strains 
among S. paratyphi A. 

Typhoid fever has been a prevalent enteric infection of endemic nature in Korea (Chun 
et al., 1977). An epidemic of typhoid fever caused by drug-resistant and R plasmid-carrying 
S. typhi occurred in 1972 and 1973 in Mexico, and was followed by outbreaks in the United 
States and South Vietnam. In South Vietnam drug-resistant strains reached 90% in 1974 
(Sanford et al., 1976). Even though the occurrence of multiply drug-resistant and R plasmid- 
carrying S. typhi was infrequently observed in Korea, the number increased gradually from 
1972 to 1974 (Chun et al., 1977), and decreased slightly from 1975 to 1977. This result is 
similar to the tendency observed in the U. S. and Mexico (Baine et al., 1977). However, 
we do not know whether the strains in Korea are the same type with those in the U. S. and 
Mexico, since the strains were not Vi phage-typed. The acquisition of drug resistance and 
R plasmids by S. typhi was reported to be due to the indiscriminate use of drugs (Anderson, 
1974). Cm has been almost exclusively used in Korea for more than 20 years, and frequently 
without prescription, for the treatment of typhoid fever. However, no definite and steady 


increase of drug-resistant and R plasmid-carrying strains has been observed. 


Shigellosis has not been considered as a serious infection in Korea and frequently is 
treated at home with commercially available antimicrobial drugs. Thus, only a few patients 
were available for the bacteriological study by the hospital. Therefore, Shigella isolated were 
very few compared with the real number of patients. Approximately 80% of our Shigella 
isolates were resistant to drugs. This rate is in general higher than the rates observed among 
strains isolated before and during 1970 in the U. S., Japan and Korea (Chun, 1974; 
Mitsuhashi, 1969; Farrar and Eidson, 1971), and similar to the results on strains collected 


after 1970 in these same areas (Lerman et al., 1973; Tanaka, 1977). 


In contrast to a recent report that all Shigella strains were susceptible to Ap although 
resistant to Tc and Sm (Finland et al., 1974), several reports indicate high rates of Ap- 
resistant strains among Shigella, particularly Sh. sonner isolated after 1970 (Lerman et al., 
1973; Neu et al., 1975). The high rate of Ap-resistant strains could be a reflection of the 
frequent use of this drug. The low incidence of Ap resistance in our study could be a result of 
the less frequent use of this drug in Korea. It is presumed that resistant strains will increase 
in the future, since this drug has recently come to be used widely and frequently in Korea. 
Ap resistance was accompanied by Km resistance in S. typhi (Olarte and Galindo, 1973; 
Chun et al., 1977), and some studies have reported Km resistance in Shigella (Tanaka et 
al., 1973), but we did not find any Km-resistant Shigella. 

Studies of S. typhi from Korea showed that Ap resistance was transferred independently 
of Cm and other drugs except Km (Chun et al., 1977). Olarte et al. (1976) noted two R 
plasmids in Sh. dysenteriae type 1; one was R (Cm Tc Sm Sa) and the other was R (Ap). 
However, we found that Ap resistance was always transferred together with the other 


resistances in the strains of B and D groups of Shigella. This result would show the close 
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linkage of genes governing resistance to Ap and other drugs, and the linkage of genes differs 


between Sh. dysenteriae 1 from Mexico and the B and D groups of Shigella from Korea. 
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韓国 に お ける サル モネ ラ , シゲ ラ の 抗菌 剤 耐性 及び R プ ラス ミッ ド 
全 we A, Fe R 用 (韓国 慶 北大 学校 医科 大 学 細菌 学 教室 ) 


1973 年 か ら 1977 年 まで の 5 年 間 に 韓 国 大 邸 地方 で 分 離し た サル モネ ラ 及 び シゲ ラ に つい て 実験 し た . 
最近 , パラ チ フ ス A 菌 の 感染 例 が 増加 の 傾向 を 示し て いる . 分 離し た パラ チ フ ス AB 100 株 の うち ク 
ロラ ム フ ェ ニュ ー ル (Cm), テト ラサ イク リン (To, スト レプ トマ イン シン Gm, カナ マイ シン (Km 
の 4 剤 に 面 性 の 1 株 を 除く 全 菌 株 が , 常用 の 抗菌 剤 に 感受 性 で あっ た . 耐性 株 の 耐性 は 非 伝達 性 で あ 
っ た ・ 腸 チ フ ス は 地方 病 の 様相 を 示し 毎年 多数 の 患者 が 発生 し て いる . 総 分 離 菌 939 株 の うち 耐性 菌 
25.3% CG, Sm, ス ルフ イソ ミ デン Sa) の 2 剤 耐性 菌 が 最も 多い が , その 耐性 度 は 弱かっ た . MME 
伝達 性 の 高度 耐性 菌 は 毎年 数 株 ずつ 検出 され た が , 最近 減少 の 傾向 を 示し て いる . これ ら の 耐性 株 は 
Cm, Tc, Sm, Sa, アン ピ シ リ ン (Ap), Km の うち 4 剤 以上 に 両性 を 有 有 し , Cm, Tc, Sm, Sa の 
4 剤 耐性 株 が 最も 多かっ た . プラ スミ ッ ド と し て は R(Cm Te Sm Sa), R(Ap Km), R(Cm) が 検 
出さ れ た . 赤痢 患者 は , 病院 を 訪 ず れる 例 が 少な い の で , 検出 菌株 数 は 少数 で あっ た . 99 株 が 分 離さ 
れ , ECB, D 群 で あっ た が , 分 離 菌 の 約 80 が 抗菌 剤 耐性 菌 で あっ た . Cm, Tc, Sm, Sa © 4 
性 菌 が 最も 多く , Ap 耐性 を と も な うら も の も 見 られ た . MERO 74.7 を が , 伝達 性 耐性 で あり , 各 菌 
の 保有 する 全面 性 が 大 腸 菌 に 伝達 され た . 4 剤 以上 の 耐性 を 有する 菌 の 耐性 伝達 性 は 3 剤 以下 の 耐性 
菌 の 伝達 性 より 頻繁 に 見 られ た . 


